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I. INTRODUCTION

The primary objectives of the STACS program are to increase our under-
standing of the dynamics of the North Atlantic circulation and the role of
ocean circulation in global climate, to develop the capability to monitor the
climatically important processes, and to provide data needed in the develop-
ment of the coupled ocean-atmosphere general circulation models to be used for
global climate prediction. 1In particular, the mechanisms by which the ocean
transports heat to balance the net radiation deficit at northerly latitudes
are being studied.

The initial objectives of STACS (Molinari et al., 1985) were directed at
the Florida Current, a flow which makes significant contribution to heat flux.
After an intensive two-year observing program, we have the capability to
monitor Florida Current transport without extensive ship-board observations.
Data collected during this period are listed in Williams et al. (1983), Leaman
and Vertes (1983), Vertes and Leaman (1984), and Ratnaswamy et al. (1985).
STACS efforts during 1984-86 were directed toward studying the relationship of
western boundary currents along the Antillean Archipelago and in the Caribbean
Sea to the dynamics of the North Atlantic subtropical gyre and on meridional
heat flux, while continuing the monitoring effort in the Florida Current at
27°N. Data collected during these cruises are given in Wilburn et al.
(1987a,b). STACS efforts during 1987 continued the observational studies of
western boundary currents, extending the study area southward to northern
Brazil (4°N) (Figure 1) in order to examine the contribution of cross-
equatorial boundary currents to the North Atlantic mass and heat fluxes
(Wilburn et al., 1988).

During the period covered by this report, 1988, STACS observational
efforts were concentrated on the region between Barbados (13°N) and northern
Brazil (4°N), with the emphasis on examining the mean and variability of
cross—-equatorial fluxes of mass and heat within the western boundary current
systems. 1In addition, the monitoring effort along the transect east of Abaco,
the Bahamas (26.5°N) continued. Fiqures 2-4 show station locations for the
March, July, and September 1988 cruises respectively. XBT data were generally
collected along the entire cruise track, with CTD-0, and Pegasus stations
taken where indicated.

II. DATA COLLECTION AND ANALYSIS

Data from STACS cruises conducted on the NOAA Ships WHITING and MT.
MITCHELL during three cruises--March, July, and September 1988—are contained
in this report. Table 1 shows the type of data collected on each cruise.
Techniques used to reduce the Pegasus, CID, and XBT data to final form are
described below.

A. Pegasus Current Profiler

The Pegasus instrument is an acoustically-tracked, free-falling profiler
of horizontal current components (Spain et al., 1981). A schematic of the
Pegasus system is shown in Figure 5. The Pegasus instrument used by AOML
consists of a hollow cylindrical metal tube with the electronics package
sealed within. A flotation collar attached to the exterior of the cylinder
provides the instrument buoyancy. Pegasus houses a transducer/receiver, a
thermistor and a pressure sensor. When the Pegasus is in the water, its
transducer interrogates two fixed transponders on the ocean bottom at a
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Table 1. Types of Data Collected by Cruise.

Cruise Vessel Dates Pegasus CTD XBT
February 1988 WHITING 2/16-3/27,/88 6 30 61
(WH-88-01-STACS)

June 1988 WHITING 6,/16-7,/25,/88 2 33 43
(WH-88-02-STACS)
September 1988 MT. MITCHELL 9,12-10/9/88 6 29 149

(MI-88-01-STACS)




frequency of 10 KHz at an interval of eight or sixteen seconds. Each trans-
ponder responds at a different frequency. The Pegasus internally records the
acoustic travel times from the transponders, along with temperature and
pressure. Transponder frequency pairs are alternated between stations in
order to avoid interference from adjacent stations.

The instrument is weighted at the beginning of the drop and falls at a
rate between 20-50 cm/sec. This rate may be adjusted by adding or removing
weights. External weights are released by a bottom trip mechanism when the
weights touch the ocean floor or by a pressure release when the Pegasus
reaches a predetermined depth. The instrument ascends at approximately the
same rate as it descends.

Each Pegasus station is defined by a unique geometry (see Table 2). A
mean sound velocity profile for each station is used to convert the acoustic
travel times from the transponders to the instrument into ranges in meters.
The baseline becomes the base of a triangle which is projected onto the
bottom. The X and Y coordinates of the instrument at each pressure can then
be determined.

Following a Pegasus cast the contents of the instrument’s solid state
memory are transferred to a Hewlett Packard 85 computer for conversion to
decimal values and storage on flexible diskettes. The conversion of raw data
to a velocity profile is done on an HP-86 in three steps: editing, calibra-
tion and velocity computations. Following is a brief description of each
step.

1. Editing

Two files are created for each Pegasus cast: an ASCII character header
file on magnetic tape containing cast information and a multi-record data file
on magnetic disk. Each record contains decimal values of the original Pegasus
memory address, corresponding pressure fnui temperature sensor output counts
and two travel times significant to 100" second. HP-86 BASIC programs allow
graphic display and printed listings of the data for preliminary evaluation of
data quality.

Errors can be introduced into the raw data due to instrument hardware
errors and into the travel times by acoustic propagatio.. irreqularities such
as the detection of reflected instead of direct path signals. Erroneous
points are hand edited from the record and replaced by points estimated by a
low order polynomial fit.

2. Calibration

Prior to each research cruise the Pegasus pressure sensor is calibrated to
produce second order polynomial fits of pressure counts versus pressure in
decibars (db). Standard deviations from the fits over the working range of
the sensors are generally on the order of 1 db. After the raw data has been
edited the pressure counts are converted to decibars. Pressure is further
smoothed with a five point running mean. Cast limits (surface/bottom/surface)
are recorded in the header file and the data are split into downcast and
upcast files containing two travel times and pressure (db).



Table 2. Summary of Pegasus Station Geometry off Abaco Island.
Transponder Parameters Baseline
Latitude Longitude Frequency Depth Length
Station (N) (W) (KHz) (m) (m)
15 26°30.83" 76°19.01 12.0
26°31.74' 76°21.55’' 13.0 4810 4296
16 26°32.86" 76°29.98' 13.0
26°32.86" 76°32.65' 11.5 4825 4410
17 26°35.48' 76°39.30' 12.5
26°33.72' 76°39.31 12.0 4050 3937
18 26°32.56 76°45.29' 13.0
26°30.53" 76°44.88' 11.5 3600 3570
19 26°33.07' 76°51.16" 12.0
26°32.22°' 76°50.92' 11.5 800 1311
34 26°29.90' 76°07.22' 12.5 4810 4197
26°29.71° 76°09.61' 12.0
35 26°29.31° 75°32.34" 12.0 4610 4038
26°29.44’ 75°29.94° 12.5
36 26°30.20' 74°32.97' 12.0 4460 1665
26°30.12° 74°30.31° 12.5




3. Velocity Calculation

Given the transponder depths, baseline length, pressure and the travel
times, the Pegasus position can be determined. Each station has an associated
sound velocity profile used to calculate harmonic mean velocity and thus
convert acoustic travel times to distance for input into the position
equations. The resulting profiles of X and Y position (in unrotated baseline
coordinates) versus depth are smoothed with a seven point convolution. The
resulting U and V velocity components are then rotated into a true geographic
coordinate system. Each cast produces two profiles: one represents the
downcast portion and the other the upcast. Only one profile from each cast
is chosen based on a subjective comparison of the up and down profiles and
these data for each cruise are presented by increasing cast numbers in
Appendix A. The positions represent deployment locations rather than the
transponder positions listed in Table 1.

B. CTD Data

1. System Description

The Neil Brown Instrument Mark III CTD system used in STACS includes
pressure, temperature, salinity and oxygen sensors. The oxygen data will be
described in a future report.

The instrument scans at a rate of 30 scans per second. The descent rate
is approximately 30 meters per minute to a depth of 200 meters then increases
to 60 meters per minute for the remainder of the cast. CITD values are
averaged in one decibar increments. Appendix B contains graphic representa-
tions of CID profiles arranged by cruise and cast number. CTD values are
listed at selected depths.

2. Calibration

Laboratory calibrations are used for the CID pressure and temperature
sensors. Reversing thermometer data are in agreement with the CTD tempera-
tures to within + .01°C. CTD pressures are assumed to be accurate to within
+ 6.5 db. Bottle salinities are collected using a rosette sampler lowered
with the CTD, with the final values determined using a Guildline Autosal unit.
The bottle salinities are used for calibration of the raw CTD data using the
methodology described below.

a. The bottle salinities are edited for obvious bad values, i.e., outliers,
by examination of the residual differences between bottle and CTD
salinities over the entire water colum and by means of graphical
comparisons with previous regional STACS and TTO (Williams, 1986 a&b)
temperature/salinity relationships in the deep water.

b. The uncalibrated CTD salinity vs. pressure profiles are examined for
conductivity sensor changes and/or drift by examination of the time
history of the residual differences between the edited bottle values and
the CTID salinities, and divided into calibration subgroups if necessary.
An iterative least squares regression is run on the residual (bottle
salinity minus CTD salinity) vs. pressure data sets for each subgroup, and
linear or polynomial fits are obtained over appropriate portions of the
water column.
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c. The uncalibrated CTD salinity profiles are corrected using the results of
the regressions, and the TS correlation is again compared with the
historical data set as a final quality check. The calibrated CTD salinity
and temperature data are despiked, and a final data set subsampled to 2 db
spacing is produced.

Discussions of the bottle salinity quality and CTD performance for the
individual cruises, and tabulations of the respective calibration corrections,
follow.

March 1988:

Due to limitations associated with the winch system onboard the RNV
WHITING, most of the CTD casts taken during the March 1988 cruise were limited
to 3000 m depth. The bottle salinity data were also not up to satisfactory
quality standards during this cruise due to problems with deck and laboratory
facilities and as a result the first 7 out of 30 casts did not produce usable
bottle salinities. Casts 8 through 30 had usable salinities, but with fairly
high scatter, requiring 20% of the values to be discarded during the iterative
least-squares analysis of the bottle-CTD residual values.

After discarding these values, the remaining 80% of the data showed a
consistent correction (where dS is added to the uncalibrated CTD salinity
values) of dS = -.001 + .003 ppt, with no significant depth dependence, as
shown in Figure 6a. (In other words, the raw CTD data were nearly correct
without any calibration.) A -.001 ppt correction was applied uniformly to
casts 1 through 30, and comparisons with the historical regional TS correla-
tion produced satisfactory results.

July 1988:

The maximum depth of the CTD casts taken during the July 1988 cruise was
2600 m, due again to limitations associated with the winch system. The bottle
salinity data were better during July 1988 than March 1988, with 92 to 96% of
the values used for the least squares fit to the CTD values over the first 20
of the total of 33 CTD casts. However, the CTD performance was not as good as
during the March 1988 cruise, exhibiting a -.005 ppt linear drift over time
from the tenth cast to the end of the cruise. 1In addition, the first 20 casts
showed a depth dependence in the upper 500 to 1000 m which required the use of
a linear fit in the upper portion of the water column, and a constant correc-
tion in the deeper water. The changeover depth (1000 to 1500 m) was selected
such that the two calibration fits agreed to within .00l ppt. An example of
the analysis is shown in Figure 6b. The various subgroup corrections are
tabulated below, with the percentage of the bottle values used in the
analysis. Comparisons with the historical regional TS correlation in the deep
water confirmed that the final calibrated data were satisfactory despite the
CTID drift problem.

Casts Calibration Correction

.003 ppt + 4.36e”° * pressure
.007 + .002 ppt (92%)

1-10 < 1000 m: ds
> 1000 m: ds

11-15 < 1500 m: ds
> 1500 m: ds

.002 ppt + 2.16e"° * pressure
.005 + .002 ppt (94%)

11
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Casts Calibration Correction

16-20 < 1000 m: dS = .002 ppt + 2.16e % * pressure

> 1000 m: dS = .004 + .002 ppt (96%)
21-26 >0m: dS = .003

I+

.003 ppt (80%)
27-33 >0m: dS = .002

I+

.002 ppt (65%)

September 1988:

The bottle salinity data quality and CTD performance were both improved
during most of this cruise over the two previous 1988 cruises, with one simple
linear calibration fit used for the first 21 out of 29 casts. During the last
8 casts of the cruise the Autosal malfunctioned, and the bottle salinity data
were not usable. However, these 8 casts were taken east of Abaco, the
Bahamas, and extended to the bottom (> 5000 m) where the historical TS
relationship is very predictable. Therefore, the historical values were used
in the deep water, with the same linear slope as casts 1-21 applied. The
difference between the two calibrations is only -.003 ppt, but this is
significant in the deep water. The calibration fits are tabulated below, with
the percentage of the bottle values used in the computation, and the analysis
from casts 1-21 is shown in Fiqure 6c. Comparison with the historical
regional TS correlation confirmed that the calibration was satisfactory.

Casts Calibration Correction
1-21 ds = —.000 ppt — 1.35¢"° * pressure + .002 ppt (94%)
22-29 ds = -.003 ppt - 1.35¢7° * pressure (historical TS)

C. XBT Data
T-4, T-5, T-6 and T-7 expendable bathythermograph (XBT) probes were used

during all of the cruises covered in this data report. Appendix C presents
XBT data by cruises and cast number.
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APPENDIX A: PEGASUS DATA

Casts are presented by cruise and increasing cast number. The
cruise number and vessel, Pegasus cast and station number, Julian
day and time, and position are shown at the top of each plot. "U"
represents the east component of velocity. "V" represents the
north component. Casts where there are no data values given for
the U and V components indicate that the transponders signals were
not being received by the Pegasus instrument at the given depth.
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APPENDIX B: CID DATA

Casts are presented by cruise and increasing cast number. Julian
day and time, cruise number and vessel, and position are given at
the top of each plot. Temperature, salinity and sigma-t profiles
are shown for each cast.
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